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tfathod for piroducing a proteotive cover for a device 
BACKGROUND OF THE INVENTION 

1. Fie ld of the Invention 

The present invention relates to a method for producing a 
prctective cover for a device, and in particular to the 
production of a protective cover for devices containing ar- 
eas Whose function would be impeded by injection-molding 
housings, such as aaw filters (BAW = bulk acoustic wave) 
SAW filtets (SAW = surface acbustlc wave) , resonators, sen- 
sors, and/or actors. In particular, the present invention 
relates to a method for producing such a protective cover 
for the devices on wafer level. 
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2. Description of Prior Art 

Conventionally, devices are produced on and/or in a sub- 
strate, wherein after completion of the device the sub- 
strate including the device is arranged in an injection- 
molding housing in a protected manner. In this arrangement 
the substrate and the device are completely embedded in the 
material of the injection-molding housing at least in the 
area of the device. This procedure is disadvantageous for 
devices whose function is impeded by this material, which 
thus require a clearance for proper operability, as is re- 
quired, for example, in the above-mentioned BAW filters, 
SAW filters, resonators, sensors, and actors. 

An approach known in the prior art to solve these problems 
wath injection-molding housings is to provide a "counter- 
substrate" in which a corresponding opening is inserted, so 
that when assembling the device substrate and the housing 
substrate the cavity is arranged in the area of the device 
in the device substrate, so that here no further impeding 
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Of the device occurs. On wafer level, a wafer is corre- 
spondingly produced with a corresponding structure for the 
devices (system wafer) , which is connected to a second wa- 
fer (lid wafer) having corresponding pits and holes having 
been produced for example by etchihg it, e.g. by a bond 
procedure- In this manner, the pits of the second wafer be- 
come cavities above the sensitive structures of the first 
wafer, the contact pads of the first wafer being accessible 
through the holes in the second wafer. Hereby, the sensi- 
tive structures are protected. 

Alternatively to the procedures just described, a ceramic 
housing may also be used. 

The disadvantage of this solution is that here always a 
second substrate or a second wafer is to be structured 
which requires processing and machining separate from the 
first wafer. This leads to very time-consuming and expen- 
sive overall production and also increases the requirements 
with respect to the required process accuracy. A further 
disadvantage of the procedure is that in the connection of 
the lid wafer to the systeati wafer pressure and tezaperature 
have additionally to be applied, and that the requirements 
on the surface quality and purity are correspondingly high 
A further, even more serious disadvantage is that during 
this bond process the micro-electromechanical structures 
are already ekposed so that here an additional yield risk 
exists. 



30 In the post-published German patent application 

DE 102 00 869 A, an alternative method is described, which 
describes a sacrificial layer and a cover element formed by 
a photoresist. The sacrificial layer is formed in an area 
of the substrate in which the device is formed, in which 
the cavity is to be produced later. Over the sacrificial 
layer, a photoresist layer is deposited in which holes are 
inserted to expose the sacrificial layer in the area of the 
holes. Then the sacrificial layer is removed by suitable 
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measures, and the holes in the photoresist layer are 
Closed. The disadvantage of this procedure is to be seen in 
the creation of a non-uniform height profile across the wa- 
fer cross-section, i.e. of a non^planar wafer surface, 
which results from processing the individual protective 
covers above the devices. This non-uniform height profile 
across the wafer cross-section makes subsequent process 
steps more difficult. This applies, in particular, to meth- 
ods exhibiting particularly good properties on planar sur-^ 
faces, such as printing processes, since low-cost printing 
methods, e.g. screen printing, are often used for applying 
contact pads in semi-conductor production, the occurrence 
of a non-uniform height profile across the wafer surface 

ZV^TV Precision in applying con- 

tact pads by means of the printing process, it being possi- 
ble, under certain circumstances, for the low-cost printing 
processes to no longer have sufficient precision at a high 
packing density. Another disadvantage of a non-uniform 
height profile across the wafer cross-section are yield 
20 losses, since part of the protective covers to be formed on 
the wafer are "squashed" due of the printing processes em- 
ployed. Finally it shall also be noted that due to self- 
supporting sacrificial structures and self-supporting pro- 
tective covers on the wafer surface, as are provided in the 
25 post-published patent application OE 102 00 869 A it is 
not possible to fall short of a defined component 'size 
since otherwise the adherence of the sacrificial structure 
or of the protective cover to the wafer surface is too 
small, and the protective cover produced thus does not have 
30 sufficient stability. 

EP 0 373 360 Bl describes a method for producing an im- 
proved insulation in VLSO and OLSI circuits, wherein here 
also a cavity is to be formed. Here the cavity is also 
35 structured by a sacrificial layer removed through one or 
more openings in a surface of the arrangement. However, a 
disadvantage to be noted here is that the cavity to be 
formed has little stability, since the cavity is formed es- 
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sentxally by a cover layer supported by the conductor lines 
to be insulated. For reasons of sufficient insulation, it 
IS not possible to fall short of a defined cavity size, 
which, in turn, leads to yield losses due to a "squashing" 
of the cavities formed when using printing processes in 
subsequent process steps. 
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SUMMARY OF THE INVENTION 

Starting from this prior art, it is the object of the pre- 
sent invention to provide a simplified and reliable method 
for producing a protective cover for devices, which enables 
the production of a stable and small-size protective cover 
in a simple and cost^eff icient manner without requiring 
separate processing of further wafers and/or subistrates. 

The present invention provides a method for producing a 
protective cover for a device, wherein a substrate is pro- 
vided that includes the device, the method including the 
following steps: 

(a) depositing a first cover layer on a substrate, the 
first cover layer covering at least an area of the 
25 substrate which includes the device; 
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(b) 



(c) 



(d) 



forming at least one opening in the first cover layer, 
the at least one opening exposing the area of the sub- 
strate which includes the device; 

filling up the opening formed in the first cover layer 
using a filling material; 

depositing a second cover layer on the first cover 
layer and on the opening of the first cover layer 
which is filled up with the filling material; 
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(e) 



(f) 



(g) 



forming at least one opening in the second cover layer 
to expose at least an area of the filling material; 

renioving the filling material which covers an area of 
the substrate which includes the device; and 

closing the opening formed in the second cover layer. 



The invention is based on the finding that a stable and 
small-size protective cover may be formed by depositing, on 
a substrate, a first cover layer covering at least an area 
of the substrate which includes the device. Subsequently, 
an opening in the first cover layer is formed above that 
area of the substrate which includes the device, and the 
opening formed in the first cover layer is filled up with a 
filling material. Here, the filling-up of the openings 
formed in the first cover layer is effected such that no 
filling material is applied on the first cover layer, and 
that, at the same time, a planar surface area consisting of 
areas of the filling material and of the first cover layer 
is created by filling up the openings in the first cover 
layer. Subsequently, a second cover layer is deposited on 
the planar surface area formed, in which second cover layer 
at least one opening is formed to expose at least an area 
25 of the filling material, it is through this at least one 
opening formed that that filling material is removed for 
forming a cavity which covers- an area of the substrate 
which includes the device. Subsequently, the at least one 
opening formed in the cover layer is closed. 



An advantage of the inventive approach is that the first 
cover layer, through whose opening the cavity to be formed 
is defined, remains on the substrate surface. Hereby, a 
planar surface area is formed after closing the opening 
35 formed in the first cover layer, which planar surface area 
significantly simplifies the further process steps of cre- 
ating a protective cover of a device. The simplification 
results, in particular, from the fact that the formation of 
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a non>unifonn height profile across the wafer cross-section 
is avoided due to the first cover layer remaining on the 
substrate surface. This enables, in a subseijuent process 
step, in particular, the precise utilization of low-cost 
printing processes for applying a aetal paste required for 
contacting the devices. 

A further advantage of the inventive approach is also that 
the formation of self-supporting sacrificial structures ig 
avoided due to the first cover layer remaining on the wafer 
surface. Due to the fact the cavity-defined struccures now 
are enclosed by the first cover layer, the increased sta- 
bility of the cavity-deformed structures achieved hereby 
enables smaller cavities and thus a higher packing density 
15 on a wafer to be irealized. 

A further advantage of the inventive approach is that by 
embedding the cavities in the first cover layer and due to 
the first cover layer remaining on the substrate surface, a 
structure is created by which the cavity formed is pro- 
tected as much as possible in subsequent process steps, and 
by which the yield losses occurring in the creation of the 
protective cover for a device are thus minimized. This ap- 
plies, in particular, also due to the fact that sacrificial 
structures whieh are self-supporting in the inventive ap- 
proach are avoided, and that, when applying a printing 
process in the process of manufacturing the protective 
cover, "squashing" of the latter is thus avoided. 
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In accordance with a preferred embodiment of the present 
invention, the formation of at least one opening in the 
first and/or second cover layers includes exposing the 
first and/or second cover layers to light, followed by de- 
veloping the areas exposed to light of the first and/or 
second cover layers for forming the opening described. 



In accordance with a further preferred embodiment of the 
present invention, filling up the opening formed in the 



05-04-04 



14:37 VON -SCHOPPE < ZIMMERMANN 
2003E 50134DE 



•^49-88-74996877 

7 



T-054 P. 01 1/043 F-401 



15 



20 



25 



30 



35 



fxrst cover layer includes applying a filling ^.aterial on 
the fxrst cover layer and in the at least one opening of 
the first cover layer, followed by planarizing the struc- 
ture resulting from the applicatidn of the filling material 
such that the first cover layer and the filling Material 
are exposed in the at least one filled-up opening of the 
first cover layer- 

In accordance with a further preferred einbodiment, a fur- 
ther opening is formed in the first cover layer to expose 
an area of the substrate with a contact area of the device 
The further opening in the first cover layer is subse- 
quently filled up with a conductive filling material, a 
conductive layer being subsequently deposited, which layer 
IS rn an electrically conductive connection with the con- 
ductive filling material in the further opening and covers 
same. In addition, a further opening is formed in the sec- 
ond cover layer to expose the conductive layer described 
Moreover, filling up the further opening in the second 
cover layer is dispensed with. 

In accordance with a further preferred embodiment of the 
present invention, a conductive material is introduced into 
the further opening of the second cover layer to route the 
contact area of the device across the conductive filling 
material, the conductive layer and the conductive material 
to an external contact pad. 

in accordance with a further preferred embodiment, the sub- 
strate comprises, in addition to a device area, a contact 
area of a device, a conductive layer which covers the con- 
tact area being applied on the substrate in a first step 
Once a first cover layer has been deposited on the conduc- 
tive layer, at least one further opening is formed in the 
first cover layer adjacent to the cavity-defining opening 
m the first cover layer so as to expose the conductive 
layer applied, m addition, the further opening formed is 
filled up with a filling material, and a second cover layer 
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xs deposited on the first cover layer and in the further 
opening of the first cover layer, which further opening is 
filled up with the filling material. Subsequently, a fur- 
ther opening is formed in the second cover layer adjacent 
to an opening for exposing the filling ihaterial coveting 
the device area, so as to expose the filling itiaterial in 
the further opening formed in the first cover layer and so 
as to remove, in a further process step, this filling mate- 
rial from the further opening in the first cover layer For 
this embodiment of the present invention, filling-up the 
further opening in the second cover layer is, again, dis- 
pensed with. 

In accordance with a further preferred embodiment, a con- 
ductive material is introduced into the non-filled up fur- 
ther openings of the first and second cover layers so as to 
route the contact area of the device to an external contact 
pad across the conductive layer and the conductive mate- 
rial . 

In accordance with a further preferred embodiment, the ex- 
ternal contact pad is formed by applying a metal paste in a 
structured manner - 

In accordance with a further preferred embodiment, the de- 
vice includes a BAW filter, an SAW filter, a resonator, a 
sensor or an actor. 

In accordance with a further preferred embodiment of the 
present invention, the inventive method is applied on wafer 
level so as to enable, in a simple manner, the creation of 
a protective layer in accordance with the inventive method 
for a multiplicity of devices formed in the wafer, 

35 In accordance with a further preferred embodiment, the wa- 
fer is broken up into several individual components after 
processing. 
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In accordance with a further preferred embodiitient, the 
structuring of the first and second cover layers includes 
specifying dicing lines oh the wafer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will. be ex- 
plained below in more detail with reference to the accompa- 
nying figures, wherein: 



Pigs. lA - II show the steps of the inventive method of 

producing a protective cover of a device in 
a sectional illustration in accordance with 
a first preferred embodiment; 

Figs. 2A - 2D show the steps of the inventive method of 

producing a protective cover of a device in 
a sectional illustration in accordance with 
a variant of the first preferred embodi- 
ment ; 



Figs. 3A - 31 show the steps of the inventive method of 

producing a protective cover of a device in 
a sectional illustration in accordance with 
a second preferred enibodiment. 



DESCRIPTION OF PREFEREIED EMBODIMENTS 

30 

In the subsequent description of the preferred embodiments 
of the present invention, like reference numerals are used 
for like elements illustrated in the various drawings. 

35 On the basis of Figs. lA - II, the inventive method of pro- 
ducing a protective cover of a device in accordance with a 
first preferred embodiment will be explained below in more 
detail. Fig. lA shows a substrate 100 comprising a first 
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surface 102, substrate 100 including a first area 104 in 
which a device is formed (= device area), a second area 
106, in which a contact area of a device is formed (= con- 
tact area), and a third area lOS in which no contact area 
of a device and no device is formed. The device formed in 
device area 104 is, for example, a device which includes at 
least one area whose function would be impeded by a hous- 
ing, i.e. whose function requires a clearance above- the de- 
vice area 104 in question. In this respect it is to be 
pointed out that in the figures, area 104 is indicated as 
the device area in an abstract manner, wherein here, how^ 
ever, reference is made in fact to that area of a device 
formed in siibstrate 100 whose functionality requires a 
clearance or cavity. The elements concerned may be, for ex- 
15 ample, BAW filters, SAW filters, resonators, sensors or ac- 
tors. Likewise, surf ace-iciicromechanical sensors may be 
formed, whose function would be impeded by the housing, 
such as acceleration sensors/ rotation rate sensors, and 
the like. 

20 

In accordance with the invention, as is illustrated in Fig. 
lA, a first cover layer 110 is initially deposited on the 
surface 102 of substrate 100, the first cover layer 110 
covering the device area 104 and the contact area 106. The 
25 material used for the first cover layer 110 may be, for ex- 
ample, a photo^structurable resist (for example SU-8 of Mi- 
crochem, USA) , In a subsequent process step, the first 
cover layer 110 is structured, for example by exposing to 
light using a mask and by developing the locations exposed, 
such that only the device area 104 to be protected, the 
contact area 106 through an opening 112a and 112b, respec- 
tively, in the first cover layer 110, and edge regions 122 
of substrate 100 are exposed. Once the opening 112a for ex- 
posing a device area 104, and the opening 112b for exposing 
35 a contact area 10 6 have been formed in the first cover 

layer 110, a seed layer 116 (= electrodeposition starting 
layer) is applied onto the surface 114 of the first cover 
layer, to the side walls of the openings 112a and 112b, to 
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the de'.rice area 104 aiid to the contact area 106, use being 
preferably made of a conductive material, in particular a 
metallic material. The application of the seed layer 116 
may be effected, for example, by sputtering, vapor deposi- 
tion or autocatalytic growth. Subsequently, a filling mate- 
rial 118 is applied onto the seed layer 116 such that the 
openings 112a and 112b in the first cover layer 110 are 
filled up, and the seed layer 116 is fully covered. -the ap- 
plication of the filling material 118 may be implemented, 
for example, by reinforcing the seed layer 116 with copper 
(- copper electrodeposition, copper plating) . 

Subsequently, the surface 120 of the filling material 118, 
which results from the previous process steps, is pia- 
15 narized such that a planar surface area 130 opposing the 
substrate lOO is created (see Fig. IB), which includes ar- 
eas of the surface 114 of the first cover layer 110, areas 
of the surface 132a of the filled-up opening 112a in the 
first cover layer 110 abo^re the device area 104, areas of 
the surface 132b of the filled-up opening 112b in the first 
cover layer 110 over the contact area 106, and areas of the 
plane of section 134 of the seed layer 116, the transitions 
between the individual areas being aligned in a flush man- 
ner. Here, the planarization may be effected by a GMP step 
(CMP = chemical mechanical polishing) . Pig. ib shows the 
resulting structure in a sectional illustration. 

As is illustrated in Fig. IC, an additional cover layer 140 
is subsequently applied to the planar surface area 130 thus 
obtained, which cover layer 14 0 consists, for example, of a 
photo-structurable resist which, however, preferably dif- 
fers from the material of the first cover layer 110. The 
additional cover layer 140 is subsequently structured such 
that the surface 132b of the filled-up opening 112b in the 
first cover layer 110 above the contact area 106 of the de- 
vice as well as adjacent areas of the plane of section 134 
of the seed layer 116 and corresponding portions of the 
surface 132 are exposed through an opening 142 in the addi- 
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tional cover layer 140. The formation of the opening 142 in 
the additional cover layer 140 may be effected here, for 
example, by exposing the additional cover layer 140 to 
light using a photomask, and by subsequently developing the 
areas exposed to light of thfe additional cover layfer 140. 
However, it is to be noted here that when developing the 
exposed location of the additional cover layer 140, the in- 
tegrity of the first cover layer lio is ensured. After 
structuring the additional cover layer 140 while forming 
the opening 142 in the additional cover layer 140, a con- 
ductive layer 144 is deposited onto the surface 14 6 of the 
additional cover layer 140 arid onto the area exposed 
through opening 142. Subsequently, the additional cover 
layer 140 and the conductive layer 144 applied thereon are 
IS removed, so that only that portion 148 of the conductive 
layer 144 remains in the opening 142. Fig. ID shows the 
structure resulting thereftbm. Hereby, the filling material 
118 in the opening ll2b of the first cover layer 110 above 
the contact area 1G6 of the device may be conductively 
20 sealed such that in subsequent steps, a removal of the 

filling material 118 and of the seed layer 116 in the open- 
ing 112b of the first cover layer 110 over the contact area 
106 of the device is prevented. Here, the remaining conduc- 
tive layer 144 preferably exhibits a resistance towards a 
25 substance for removing the filling material 118 and the 

seed layer 116. A material that may be useful for this pur- 
pose is gold, for example. In addition it is to be noted 
that the removal of the additional cover layer 140 does not 
damage the planar surface area 130. In this respect, a 
suitable choice of the material of the additional cover 
layer 14 0 and of a relevant solvent is to be borne in mind. 

In a subsequent process step, a second cover layer 150 is 
deposited onto the surface area 130 and onto the remaining 
conductive layer 148, as is shown in Fig. IE. The material 
used for the second cover layer 150 may be, for example, 
another photo-structurable resist (e.g. SU-8 of Microchem, 
USA) . Subsequently, the second cover layer 150 is struc- 
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tured, for example by exposing to light and developing the 
exposed locations, such that at least one opening, four 
openings in the embodiment shown, 152 in the second cover 
layer 150 exposes an area df the filling material 118 which 
fills up the opening H2a of the first cover layer 110 
above the device area 104. In addition, the structuring 
leads to the formation of andther opening 154 in the second 
cover layer 150 so as to expose an area of the remaining 
conductive layer 148. 

Once the openings 152 and the opening 154 have been formed 
in the second cover layer 150, the filling material 118 and 
the seed layer 116 are removed, for example by an etching 
process, through openings 152 of the second cover layer 
150. Thereby a cavity 160 is formed above the device area 
104, which cavity 160 is required for the fault-free opera- 
tion of the device. By sealing the filling material 118 and 
the seed layer 116 above the contact area 106 with the re- 
maining conductive layer 148 a removal of the filling mate- 
rial 118 and the seed layer 116 above the contact area 106 
by the etching process mentioned above is prevented. The 
resulting structure is shown in Fig. IF. 

Then cavity 160 is closed in a further process step, 
wherein, as is shown in Fig, IG, a third cover layer 170 is 
deposited onto the structure as results following Fig. IF, 
whereby the openings 152 are closed without filling up the 
cavity 160 formed. A material that may be used for the 
third cover layer 170 may be, again, a photo-structurable 
30 resist (e.g. SU-8) . In addition, the third cover layer 170 
is structured, e.g. by exposing to light and by developing 
the exposed locations, such that an opening 172 is formed 
in the third cover layer 170, which opening exposes the re- 
maining conductive layer 148 using the opening 154 in the 
35 second cover layer 150, so that the step-shaped structure 
represented results. 
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In a final process step, the remaining conductive layer 148 
is contacted through the opening 154 of the second cover 
layer 150 and the opening 172 of the third cover layer 170, 
for example by filling up the openings 154 and 172 men- 
tioned in a conductive manner With a metal paste 174 by 
means of a. printing process, as is shown in Fig. IH. 

Fig- II shows the external contacts resulting from the 
filled-up metal paste 174 after a reflow process, which 
contacts may be implemented, for example, as solder bumps 
180. 



Fig. 2 shows a variant of the first preferred embodiment of 
the invention, wherein the steps represented in Figs. lA - 
15 IG are identical. Hereby, however, the step-shaped struc- 
ture of the openings 172 and 154 is avoided. Instead, an 
opening 172a is formed which is essentially aligned with 
the opening 154 of the second cover layer 150. The struc- 
ture produced hereby is shown in Fig. 2h. In a subsequent 
20 process step, the opening 172a in the third cover layer 

170, and the opening 154 in the second cover layer 150, are 
filled up with a conductive filling material 176 such that 
a contacting of the remaining conductive layer 148 on the 
surface 178 of the third cover layer 170 is possible. Here, 
25 the application of the conductive filling material 176 is 
preferably effected by electrodeposition. The structure re- 
sulting from this process step is shown in Fig. 2B. By 
means of a printing process, for example a screen-printing 
method, it is possible to apply, subsequently, a metal 
30 paste 174 to the conductive filling material 176, as is 

shown in Fig. 2C. By means of a subsequent reflow process, 
at least one solder bump 180 is produced from the applied 
metal paste 174 for externally contacting the contact area 
106 from the surface 178 of the third cover layer 170. The 
35 structure resulting from this process step is shown in Fig. 



2D. 
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Fig. 3 shows a second preferred embodiment of the present 
invention • As is shown in Fig. 3A^ here an initial cover 
layer 310 is at first deposited on a substrate 100. a mate- 
rial that may be used for the initial cover layer 310 is a 
5 photo-structurable resist. In a subsequent process step, 
the initial cover layer 310 is structured, for example by 
exposing to light using a photomask and by subsequently de- 
veloping the exposed layer ^ such that a contact area 10 6 of 
siabstrate 100 is exposed bythrough an opening 312 in the 

10 initial cover layer 310. Subsequently, a conductive layer 
314 is applied onto the surface 316 of the initial cover 
layer 310 and on the contact area 106 of substrate 100^ 
which contact area 106 is exposed through the opening 312 
in the initial cover layer 310. A material that may be used 

15 for the conductive layer 314 is gold, for example. Removing 
the initial cover layier 310, which involves simultaneously 
removing the conductive layer 314 which has been applied to 
the surface 316 of the initial cover layer 310 results in 
the structure shown in Pig. 3B, wherein the remaining 

20 conductive layer 318 covers a contact area 106 of substrate 
100. 

Once the initial cover layer 310 has been removed^ the 
first cover layer 110 is apjplied onto the surface 102 of 

25 substrate 100 and the remaining conductive layer 318, by 
analogy with the first preferred embodiment of the inven- 
tion. Structuring the first cover layer 110 forms the open- 
ing 112a in the first cover layer 110^ which exposes the 
device area 104. In addition, the structuring forms the 

30 opening 112b in the first cover layer 110, which opening 
exposes an area of the remaining conductive layer 318- In 
addition, the edge regions 320 of the substrate 100 are ex- 
posed. The structure resulting from this process step is 
shown in Fig, 3C, 



In a subsequent process step, the seed layer 116 is depos- 
ited on the surface 114 of the first cover layer 110, onto 
the sidewalls of the openings 112a and 112b in the first 
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cover layer 110, onto the exposed device area 104 of sub- 
strate 100, onto the remaining conductive layer 318, onto 
the surface 102 of substrate 100 in the exposed edge re- 
gions 320 and onto the outer sidewall 322 of the first 
5 cover layer 110. By analogy with the procedure of the first 
preferred embodiment of the invention, the filling material 
118 is subsequently applied onto the deposited seed layer 
116, the openings 112a and 112b in the first cover layer 
110 being filled up, and the seed layer 116 deposited onto 

10 the surface 114 of the first cover layer 110 being covered. 
In addition, the filling material 118 is applied, at the 
same time, to seed layer 116, which covers the surface 102 
of the substrate 100 in the edge regions 320 and in the 
outer sidewalls 322 of the first cover layer 110, such that 

15 a surface 120 of the filling material 118 results which is 
implemented in a flush manner. The structure resulting from 
this process step is illustrated in Fig. 3D. 

By analogy with the procedure of the first preferred em- 

20 bodiment of the invention, the surface 120 of the filling 
material 118, which surface results from the previous proc- 
ess steps of the second preferred embodiment of the inven- 
tion, is subsequently planarized such that, in turn, the 
planar surface area 130 results , wherein areas of the first 

25 cover layer 110, of the seed layer 116 and of the filling 
material 118 are exposed, the transitions between the dif- 
ferent areas being aligned in a flush manner. In addition, 
the outer sidewall 322 of the first cover layer 110, and 
the surface 102 of substrate 100 are exposed in the edge 

30 regions 320 of substrate 100 by removing the seed layer 

116, which has been applied in these areas, and the filling 
material 118. Thereafter, by analogy with the procedure 
utilized in the first preferred embodiment of the inven- 
tion, the second cover layer 150 is applied onto the planar 

35 surface area 130, which is followed by a structuring of the 
second cover layer 150, wherein the openings 152 are formed 
in the second cover layer 150. The structure resulting from 
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the structuring of the second cover layer 150 is shown in 
Fig. 3E. 

By analogy with the procedure used in the first preferred 

5 embodiment of the invention, in a subsequent process step, 
that filling material 118 which is accessible through the 
openings 152 and through the opening 154 in the second 
cover layer 150 is removed. Here, the seed layer 11€, which 
surrounds the filling material 118 to be removed, is re- 
10 moved at the same time, whereby the cavity 160, which is 
required for the correct operation of the device, is 
formed. The structure resulting from this process step is 
shown in Fig. 3P- 

15 For forming a convenient protective cover of the device, 
the cavity 160 resulting after the removal of the filling 
material 118 and of the seed layer 116 must be closed, by 
analogy with the procedure used in rhe first preferred em- 
bodiment of the invention. For this purpose, the third 

20 cover layer 170 is applied onto the surface 156 of the sec- 
ond cover layer 150, whereby the openings 152 in the second 
cover layer 150 are closed without filling up the cavity 
160 formed. By structuring the thitd cover layer 170, the 
opening 172 in the third cover layer 170 is also formed to 

25 expose an area of the remaining conductive layer 318, the 

opening 172 being located above the opening 154 of the sec- 
ond cover layer 150. The structure resulting herefrom is 
shown in Fig. 3G- 

30 In a subsequent process step, the opening 112b in the first 
cover layer 110, the opening 154 in the second cover layer 
150, and the opening 172 in the third cover layer 170 are 
filled up with the conductive filling material 17 6 to be 
conductive, such that external contacting of rhe remaining 

35 conductive layer 318 from the surface 17 8 of the third 

cover layer 170 is made possible. Subsequently, the metal 
paste 174 is applied to those areas of the surface 178 of 
the third cover layer 170 which are provided for external 
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contacting of the reniainlng conductive layer 318 via the 
conductive filling material 176. The structure obtained af- 
ter this process st^p is shown in Fig. 3H. 

5 After applying a reflow process, the metal paste 174 ap- 
plied in the preceding process step forms the solder bumps 
required for the external contacting of the contact area 
106- The structure resulting from this process step- is rep- 
resented in Fig- 31* 

lb 

In addition, dicing lines are marked, for example by the 
exposed edge regions 122 and/or 320, on wafer level, 
whereby the wafer may be diced into individual devices, 

- 15 Even though preferred embodiments of the present invention 
have been explained in detail above, it is evident that the 
present invention is not limited to these embodiments- Ap-- 
plication to other micromeGhanical devices is also possi- 
ble, and the number of openings in the cover layers is also 

20 not limited to the number given in the figures. In addi- 
tion, the contact area 10 6 described does not exclusively 
provide a contacting possibility for the adjacent device 
area 104; rather, a contacting area 106 may be used to im- 
plement a general contacting possibility for any element or 

25 any structure on the substrate. 



Even though the present invention has been explained with 
reference to two preferred embodiments which comprise a 
cavity 160 to be formed above the device area 104 as well 
30 as, at the same time, contacting of the contact area 106 of 
a device, the invention also includes, in particular, em- 
bodiments wherein only the cavity 160 is formed above a de- 
vice area 104, or wherein the contact area 106 of a device 
is contacted- 

35 

While this invention has been described in terms of several 
preferred embodiments, there are alterations, permutations, 
and equivalents which fall within the scope of this inven- 
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tioh. It should also be noted that there are many alterna- 
tive ways of implementing the methods and compositions of 
the present invention. It is therefore intended that the 
following appended claims be interpreted as including all 
such alterations^ permutations, and equivalents as fall 
within the true spirit and scope of the present invention- 



